INTRODUCTION
The rates of avoidable mortality -premature deaths from a set of conditions that could have been avoided in the presence of timely and effective health care [1] , and socio-economic differences in mortality from these causes -are higher in Poland and other countries of Central and Eastern Europe than in most industralised countries [2] [3] [4] [5] [6] . The usefulness of the koncept of avoidable mortality is based on the assumption that such causes of death are related to the functioning of health care which is widely Explorer [7] [8] [9] [10] [11] [12] .
Very little is known about territorial variation in avoidable mortality in Poland, and about the correlations between observable differences in mortality and health care levels. Analyses of regional variations in avoidable mortality in developed countries indicate a weak association of avoidable mortality with indices of health resources or the supply of health services [7, [11] [12] [13] [14] [15] [16] . A review of 11 studies on avoidable mortality [14] found that indices of health services poorly predict territorial variation in mortality from causes amenable to medical intervention. Another study described weak associations for the following variables: number of general practitioners, number of hospital beds, number of beds in medical university hospitals, and number of beds in minor hospitals [15] . A large proportion of territorial variation in mortality resulting from conditions which have become amenable to medical intervention may be attributed to socioeconomic variables, such as education, socio-professional group or economic situation [5, 6, 11, [17] [18] .
The presented study investigates territorial variation in mortality from causes amenable to medical care in Poland. Avoidable causes of death are divided into two groups with regard to which part of the health care system they are addressed, namely: 1) those responding to medical interventions and therapeutic management classified as causes amenable to medical care (treatable conditions), and 2) those that can be avoided by actions other than direct medical services, i.e. by general prevention, are classified as preventable conditions [12] . The present analysis focuses on the former group (treatable conditions). The local level of provision of health resources was believed to be more adequate for measuring the role of the health care system in small-area variation in mortality amenable to medical care than in the case of preventable mortality.The causes of death classified as preventable mortality are more responsive to inter-sectoral health policies and general preventive activities and central, rather than local health policies.
OBJECTIVE
The aim of this study is to assess mortality rates from causes amenable to medical care at the small-area level ofadministrative districts in Poland, and investigate correlations between these rates and existing disparities in health care resources at different administrative levels, while controlling for confounding variables such as socioeconomic and demographic factors.
MATERIALS AND METHOD
The mortality analysis was based on individual mortality data obtained from the official statistics of the Central Statistical Office for the periods 1991-1995 and 2006-2010. Agestandardised death rates (SDRs) were used to assess mortality levels by direct standardization using the age structure for 2010 in Poland as the standard.
The analytical units were 379 districts, which correspond to NUTS 4 units in 2010 (Nomenclature of Statistical Territorial Units). Analysis was also conducted at the regional level of 16 provinces (NUTS 2), each comprising between 12-42 districts. The choice of provinces as second-level units in the analysis was based, on the one hand, on the current administrative division of the country, and on the other, on the organizational structure of the Polish health care system which is compatible with this division.
Analysis of deaths from causes amenable to medical intervention employed the Nolte and McKee classification [12] , except for deaths due to ischaemic heart disease (IHD), which were analysed separately (Supp. 1). The decision to separate deaths due to IHD was taken because of the finding of high rates of IHD-related deaths in Poland and observed territorial differences between IHD-related deaths and deaths from other causes [19] . The analysis consisted of three steps, commencing with an assessment of spatial correlation of amenable mortality at district level, followed by the selection of covariates and a multilevel regression analysis.
All data preparation and exploratory analyses were performed SAS v.9.3. Spatial analyses and graphic presentations employed GeoDa software v.0.9.5-I (available for free downloading from www.csiss.org). Shape files for districts in Poland were updated to match the 2010 data. Variable selection and multilevel analysis was conducted in SPSS v.21.
Spatial analysis.
A preliminary analysis of spatial variation in mortality at district level consisted in testing for spatial autocorrelation, which enables the identification of clusters of districts with similar levels of indices of interest. Moran's I statistics of spatial autocorrelations were used in the form of Global Moran's I and Local Indicators of Spatial Association (LISA) [20] . Spatial autocorrelation was evaluated on the basis of mortality data in a given district compared to the rates in neighbouring districts. Two types of spatial weights matrix were used, namely, the queen contiguity matrix and the five nearest neighbour matrix.
Moran's I statistics indicated positive spatial autocorrelations both for death rates from conditions amenable to medical intervention and for death rates due to ischaemic heart disease (Tab. 1). The fact that similar values of the autocorrelation indices were obtained using different contiguity matrices may indicate that cities possessing the status of a district do not interfere with the results when queen neighbourhood matrices are used, where contiguity is understood as any section, also of zero length, i.e. a point.
Results from LISA analyses (data not shown) confirmed the presence of autocorrelations at local level and the clustering of districts with similar death rates (positive association). However, the presence of similarly large clusters of districts of low mortality in both groups of causes of death was only seen in the Podcarpathian region of southern Poland, with the remaining clusters at particular levels of amenable and IHD-related mortality often failing to overlap. These results indicate that IHD-related mortality should be analysed as distinct from amenable mortality in studies at lower levels of administrative division.
Results from the spatial analysis indicated the necessity of incorporating the spatial pattern in further analyses and limited possibility for using classic regression (ordinary leastsquares regression, OLS) to study correlations [21] . Possible solutions included the use of spatial lag or spatial error models that incorporate spatial dependence, but the explanatory variables characterised the health care system at both the level of districts and larger administrative units, and it was decided that multi-level regression analysis would be used.
Explanatory variables.
In line with the purpose of this study, the focus was on variables describing health care infrastructure at the level of districts and provinces and on socio-economic and demographic variables characterising districts.
Available data for districts served to form the initial set of explanatory variables, which comprised variables characterising health care resources, such as the number of primary care physicians (per 10,000 population) [1] the number of beds in general hospitals (per capita), and sociodemographic and economic variables, such as unemployment levels (percentage of total work force), salary levels (% of the national average), level of deprivation of the population (% of the population relying on social security), degree of urbanisation (% of urban dwellers), number of elderly people (% of population aged 60 years or more), number of university graduates(% of population 13 years old or older, with university degree). In view of the presence of 'island' cities with district status, data on the number of hospital beds were regarded as inadequately reflecting the actual situation, and this variable was dropped from the analysis.
Further selection of explanatory variables at district level was based on principal components analysis without rotation. Of the variables forming the first component, those with the highest eigen values were included in the further analyses, namely, the percentage of university graduates, the percentage of the population relying on social security and the percentage of urban dwellers. The second principal component consisted essentially of two variables: the number of primary care physicians (per 10,000 population) and the 
percentage of elderly people in the district population. As the death rates were standardised for the population age structure, further analyses included the variable pertaining to the number of primary care physicians. Provincial level health care resources were represented by the following variables: number of beds in general hospitals (per 10.000 population), presence of a medical university hospital in the province (binary variable), number of specialists (per 10.000 population), and the total number of physicians (per 10.000 population). The variable 'total number of physicians' was eventually dropped in view of its multicollinearity with other variables.
The data were retrieved from official statistical publications, and in particular the Local Data Bank of Central Statistical Office (GUS) and Health Care Information Systems Centre (unpublished data) Multilevel analysis. To assess the territorial distribution of standardized mortality from causes amenable to health care and from IHD, the linear mixed-effects models procedure in SPSS was used with restricted maximum likelihood estimation [22] . A two-level modelling approach was employed with districts as the units of analysis at the first level and provinces on the second level. With this approach, it was possible to assess the territorial variation of mortality with regard to the role of compositional effects, i.e. the impact of variables directly or indirectly influencing mortality rates in districts, and contextual effects, i.e. the impact of variables reflecting health care resources at provincial level [23] .
The models were fitted in several consecutive steps. First, the intercept model (model 0) was fitted, without any explanatory variables. In the next step, the district-level variables pertaining to health care infrastructure (model 1) and the socio-economic variables (model 2) were added. Model 3 additionally included the variables pertaining to health care infrastructure at provincial level. The significance of each consecutive model was estimated by analysing changes in the value of the restricted Log Likelihood. The interclass correlation coefficient (ICC) was calculated for each model as the ratio of group-level error variance over the total error variance. The ICC is the proportion of the overall unexplained variance in amenable mortality between districts that can be attributed to 'administrative' district clustering into provinces. To improve numerical stability, all variables from the first (district) level were centred at the provincial means. This also allowed for a simple interpretation of the intercept as an estimate of amenable mortality and IHD mortality if all explanatory variables in districts are at the level of the mean [24] .
RESULTS
In 2006-2010, deaths from causes amenable to medical care accounted for 10.7% of the overall number of deaths in Poland, and 6.6%-16.5% of deaths in individual districts, while deaths attributable to ischaemic heart disease constituted 5.4% of overall mortality and 1.6%-11.8% of deaths in individual districts. Compared to the 1991-1995 rates, standardised death rates were markedly lower in the great majority of districts. The mean ratio of SDR (in districts) for 2006-2010 to SDR for 1991-1995 was 0.80 (range: 0.54-1.35) for amenable mortality, and 0.64 (range: 0.30-1.72) for IHDrelated mortality. Mean annual rates of decrease in death rates were 1.4% for amenable mortality and 2.9% for IHD. A detailed analysis of the rate of change in mortality for individual districts revealed that districts with high IHDrelated mortality in the early 1990s experienced greater relative decreases in mortality than districts with lower baseline mortality, while for amenable mortality the trend was the reverse, with districts of higher baseline mortality experiencing less prominent decreases compared to those districts where baseline mortality was lower. As a result, between-district variation in IHD-related mortality was reduced, while differences in amenable mortality rates between districts increased. Table 2 presents SDRs (per 100,000 population) and the ratio of mortality rates for provinces and districts belonging to particular provincess. These results indicate high territorial variation in the two categories of mortality. Districts with the highest mortality rates in the period 2006-2010 had 2.5 times higher SDRs than districts with the lowest amenable mortality, and 4.5 higher SDRs in the case of IHD-related mortality. For the middle 50% of districts, absolute differences expressed as the interquartile (IQ) range were much lower, with SDRs of 106-129 for amenable mortality and 52-74 for IHD.
The spatial distribution of amenable and IHD-related mortality in Poland is shown in quartile maps for SDRs (Fig.1) . The region with the lowest mortality from both causes is the Podcarpathian province south-eastern Poland. The districts with the highest IHD-related mortality form a distinct cluster in the south of Poland in the Silesian and Małopolska provinces, while the highest amenable mortality was recorded in districts from central Poland (Łódz province) and in the Warmin-Mazurian and Western Pomeranian provinces.
The results of the multilevel models presented in Tables  3 and 4 indicate a weak association between death rates and health care infrastructure, represented by the number of primary care physicians at district level. This variable was significantly related only to amenable mortality, and when the socio-economic variables were incorporated in the model, its effect was markedly reduced and was practically non-significant. Differences in SDR between districts are significantly influenced by socio-economic covariates. A higher proportion of population holding university degrees (the variable 'higher education') is associated with lower amenable and IHD-related mortality, and a higher degree of population deprivation, represented by the proportion of the population relying on social security (the variable 'social support'), contributes to higher amenable mortality rates. For IHD-related mortality, the variable 'social support' was not significant. A positive regression coefficient for the urbanisation index may confirm the finding of slightly higher mortality among urban vs. rural dwellers in some regions of Poland.
The interclass correlation coefficients (ICC) indicate that a large proportion of the variation in mortality between districts can be attributed to regions (voivodeships), which constituted the second level of the analysis, and to contextual factors associated with district clustering. The incorporation of regional variables in the next step of the analysis (Model 3) reduced theimportance of regional variation in mortality; however, the level of ICC remainedhigh, indicating the presence of other determinants not incorporated in the model. 
The variables referring to health care resources at regional level were found to be associated with amenable mortality in districts. However, some correlations were not those that had been expected to occur. The findings confirmed the importance of availability of specialist medical care as higher numbers of specialist practitioners were associated with lower mortality at the district level. At the same time, regression coefficients for the number of hospital beds and the presence of a high-class specialist hospital (medical university hospital) in the province indicate higher amenable mortality in regions scoring higher on these scales. These results may indicate, on the one hand, that the territorial distribution of hospitals matches the demand for health services stemming from greater health care-related needs in a given administrative region and, on the other, that hospital beds are not used effectively in regions with a large number of hospital beds. In the model of IHD-related mortality, the variables referring to health care infrastructure at regional level turned out to be non-significant for predicting the observed differences in mortality between districts. 
RESULTS AND DISCUSSION
The decreasing levels of mortality from causes amenable to medical care noted in most districts and across all regions since the beginning of the systemic transition, especially with regard to IHD-related mortality, testify to beneficial changes in population health, and indirectly point to improvements and progress in medical procedures, level of education of medical professionals, quality of medical services and organisation of the health care system in Poland. However, the detailed analyses intended to explain territorial variation in the two categories of mortality in terms of variables reflecting the infrastructure of medical resources and health care, found that these variables were only partially relevant. The significance of the variable 'number of primary care physicians per 10,000population' indirectly confirms the importance of the tier of primary care and primary care physicians for the health status of the population, which is consistent with the findings of other studies of overall and cause-specific mortality [25] [26] . Analysis of health care resources at regional (province) level points to the importance of easy access to specialists, which was represented by the variable 'number of physicians per 10,000 population' in this study. The higher number of specialists available, resulting in easier access to specialised diagnostic tests and services, may be associated with improved amenable mortality rates.
The nature of the classification of causes of death used in the presented study was not discussed, but small-area studies (spatial analyses) show that the choice of a definition can influence the spatial patterns of mortality identified in a study [27] . In the light of the current findings and the organisation hierarchy in the Polish health care system, it would be advantageous to use in future studies a division of amenable [17, 28] . Analysis confirmed the considerable importance of the level of education and deprivation of the population in small-area analysesas factors accounting for some of the variation in amenable and IHD-related mortality. Notably, after controlling for socioeconomic variables, the effect of the variables representing health care resources was reduced. The effect of the variable 'level of education' may manifest itself via such factors as earlier initiation of diagnostic testing or turning to specialist practitionersfor medical advice more frequently, as well as other immaterial resources that are more easily accessible to those with a higher social standing [29, 30] .
The presented study, a preliminary investigation of territorial variation in mortality and its association with indices of health care resources, has several limitations which are mostly related to data availability issues. The indices of health care resources and supply of health services used in the study, such as the number of primary care physicians, number of specialist practitioners and the number of hospital beds, fail to grasp the essence of quality, availability and effectiveness of medical care. More reliable results could be produced with other indices of structure and organisation of health care, such as the availability and qualifications of physicians, patient waiting times, time management in health care institutions, hospital bed occupancy or existing medical procedures [12, 14] . The presented analysis did not account for environmental and social covariates, such as climate, water quality, environmental pollution, regional cuisine, life style, leisure activities, or territorial gradients of historical origin whose ranges may not coincide with the borders of the administrative areas analysed. The presence of effects of such factors was indicated by the spatial autocorrelation data, which confirmed that mortality due to the causes analysed in the study was not spatially random, and that districts tend to cluster into groups with similar mortality rates. Further, more narrowly focused and in-depth studies of amenable mortality will doubtless aid the identification of social and environmental determinants of health status and mortality in Poland, and may contribute to improved adjustment of health policies and efforts undertaken within the health care system at regional and smaller-scale levels.
